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The long-term goal is to assist DOE in 
developing direct
 
fermentation technologies to 
convert renewable biomass resources to H2
•
 
The objectives in FY05 are to: 
–
 





directly from cellulose and 
hemicellulose, major constituents of biomass
–
 
Identify up to 3 suitable strains of fermentative 
microbes to select one from for pathway 
engineering to improve H2
 
molar yield in FY06 and 
beyond (FY05 Milestone)





Near 75 to 90% of lignocellulosic biomass is 





Biomass Program is developing technologies to 








microbes that can 
convert cellulose and hemicellulose (xylose) directly, in 
lieu of glucose, to H2
 
as an alternative and valid strategy 
to lower the feedstock cost barrier















/mol sugar) is too 
low (2 to 2.5) due to the simultaneous production of 
other fermentation waste byproducts
Glucose + 6H2
 
O             6CO2 + 12H2
Glucose + 2H2
 
O             2Acetate + 2CO2
 
+ 4H2





Approach (FY2006 and beyond):
 
Select a 
suitable cellulolytic microbe of known genome 
sequence for metabolic pathway engineering 
–
 

































































































Cellulose utilization is 
noted by a change in color
Strains were kindly provided to us by Profs. Lee Lynd 




 Identified the Suitable H2
 
Producer




















ATCC strain has the highest 
rate. Work is ongoing to 
optimize its growth conditions 





was selected for 
scale-up experiment due to its 
fast growth rate in cellulose
•
 
Screening effort is ongoing
•
 
Using cellulose in lieu of 
glucose will meet the 






/hr/ml culture gas phase














sampling of reactor 














from Cellulose in Bioreactor
•
 





byproducts are ethanol, 
acetic, and butyric with 










molar yield near 2
•
 
First demonstration of 
H2
 































Corn Stover Pretreatment: Steam Explosion
Corn Stover
Steam Explosion 



















































220 °C, 3 min 
Acid:
 
190 °C, 1 min
¾ Near 98% and 90% of 
cellulose and hemicellulose 
were consumed, respectively.






This new project started Oct 1, 2004 







Screen additional cellulolytic microbes such as 
Clostridium cellulovorans, C. cellulolyticum, etc.
–
 









Identify the best microbe of known genome sequence 







With the selected model microbe, conduct metabolic 
profiling to determine the most effective strategy to re-
 direct biochemical pathways (FY2006 Milestone)
–
 
Begin genetic engineering to block competing 
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The most significant hydrogen hazard 
associated with this project is the use of H2
 
-
 containing anaerobic glovebox for sample 
preparations under anaerobic environment
–
 





), provided via a 10% H2
 





Inside glovebox are small electrical devices and 



























Activate palladium catalyst frequently
–
 
The power cord is unplugged from the mains (outside) first 











NREL laboratory ventilation system provides 6 to 10 




The DOE Hydrogen Safety Review Team visited NREL in 
2004 and we have incorporated their suggestions in our 
AOP.
